With the aim of observing the impact produced by copper-mining activities on soil fungi, samples were collected from an area at the Caraíba Mining, in the State of Bahia, Brazil. This area was divided in six subareas: one had native vegetation and was used as control, while the others varied according to degrees of impact. The samples, collected during the dry and the rainy seasons, were submitted to serial dilutions and placed on Petri dishes with Sabouraud medium plus antibiotic. Sixty five species and 16 genera of Hyphomycetes were identified: Acremonium, Acrophialophora, Aspergillus, Cladosporium, Chrysosporium, Curvularia, Fusarium, Humicola, Malbranchea, Myrothecium, Paecilomyces, Penicillium, Scolecobasidium, Staphylotrichum, Stilbella and Trichoderma. Acrophialophora levis, Crhysosporium merdarium, Curvularia verruculosa, Malbranchea chrysosporoidea, Penicillium adametzii, Staphylotrichum coccosporum and Stilbella sebacea were isolated for the first time in Brazil.
INTRODUCTION
The soil is one of the most important habitats for microorganisms and filamentous fungi and yeasts are the major contributors to soil biomass. Forming a group of organotrophic organisms responsible primarily for the decomposition of organic compounds (18) , the fungi participate actively on processes related to biodeterioration and biodegradation (2, 11) , contributing for nutrient cycling and, consequently, for the maintenance of ecosystems.
Several groups of fungi can be isolated from soil, such as Zygomycetes, Ascomycetes and anamorphic fungi (4, 9) . The Hyphomycetes can be distinguished because they have a broad geographical distribution and can be found in several substrates, including soil (1, 5) .
However, there are few studies about the isolation of fungi from soil in areas affected by heavy metals. Silva et al. (22) regarded the potential of infectivity of arbuscular mycorrhizal fungi (AMF) in soil of Caraíba Mining, Bahia, Brazil; Fassatiová *Corresponding Author. Mailing address: Av. Boa Viagem, 3376, apto.92, Boa Viagem. 51020-001, Recife, PE, Brasil. Tel.: (+5581) 3466-4235. E-mail: xiliamac@terra.com.br (16) , isolated micromycetes in uranium mining in Czechoslovakia; Nordgren et al. (17) , isolated microfungi from soil in an area polluted by heavy metal in Sweden and Arnebrant et al. (3) , informed the copper tolerance by microfungi isolated from polluted and unpolluted forest soil in Sweden.
This research represents the first survey of the Hyphomycetes isolated from soil of a copper mining area in Brazil, aiming to evaluate the effects of site and season on fungal colonization.
MATERIALS AND METHODS

Study area
The Caraíba Mining is located at Pilar, Municipality of Jaguararí, Bahia State, Brazil (9º51'43" S and 39º53'50" W) is the biggest mining of northeastern Brazil where copper is extracted. The annual precipitation is 400 mm and the rainy season is from November to April, with an average temperature of 25ºC. The vegetation is characterized by typical xerophytic vegetation, called caatinga and the soil is of two types: sand-clay and clay. The climate is classified as tropical semi-arid.
The studied area was divided into six sub-areas: I-A site that received the waste product, formed by the rock powder from which the metal was extracted. In this place there were no plants except during the rainy season. II-A place around the industrial area, characterized by absence of native plant species and the presence of many pioneer species, which dominate the area after the removal of the native vegetation. III-Low-grade deposits, some forming piles as high as 20 m. Few pioneer plants have been found in this sub-area. IV-A preserved caatinga, considered as the control sub-area, with many native species. V-interface between the caatinga and the waste product area, where some plants were dry and defoliated. VI-A site for extracting top soil for purpose of land fill (22) .
Soil sampling
Soil samples were collected from the 5-20cm depth, during the dry (August/1998) and rainy (February/1999) seasons from six sub-areas, five affected by mining and one with native vegetation of "caatinga" preserved. In each sub-area seven soil samples were collected to make a compound (Fig. 1) . These samples were taken preferentially from the rhizosphere of plants chosen at random. The analysis of the soil was done by the Soil Laboratory of EMBRAPA/CPATSA (15) ( Table 1 ).
Isolation and identification of fungi
Soil samples were diluted and plated, using Clark's (7) method, modified as follows: 25 g of each sample was diluted in 225 mL of distilled sterilized water. From this suspension, 10 mL were added to 990 mL of water and from this, 1 mL was spread in Petri dishes, in triplicate, containing Sabouraud Agar plus chloramphenicol (100 mg/L) and maintained at room temperature (28ºC±2ºC) for 72 hours. Inoculum of the formed colonies were transferred to Czapek Agar (Cz), Potato Dextrose Agar (PDA) and Malte extract Agar for identification, using current taxonomical literature (6, 9, 12, 13, 19, 20) .
Statistical analysis
The Tukey test (√x + 1) was used to evaluate differences between numbers of colonies isolated from each sub-area during the dry and rainy seasons (14) . The grouping test of ScottKnot (21) was utilized to evaluate which species were more predominant in this research. The data were evaluated to a 5% of significance level.
RESULTS
Sixteen genera and 65 species of Hyphomycetes were isolated out of 1293 fungal colony forming units (CFU).
Aspergillus was the genus with the highest number of species (25 species), followed by Penicillium (18) , Acremonium (4), Paecilomyces (3), Fusarium, Trichoderma and Cladosporium (2) . Acrophialophora, Chrysosporium, Curvularia, Humicola, Malbranchea, Myrothecium, Scolecobasidium, Staphylotrichum and Stilbella had one species each ( Table 2) .
Of the six sub-areas studied, sub-area IV (control) had the highest number of species (33), followed by sub-areas II (27), III (24), VI (21), V (12) and I (10). Sub-area IV also presented the highest number of CFU (399), followed by sub-areas II (296), III (240), VI (206), I (112) and V (40).
Aspergillus terreus was isolated in all sub-areas during both seasons, with the exception of the rainy season in sub-area I. Aspergillus fumigatus and Fusarium solani were isolated from soils of almost all sub-areas, with exception of sub-areas V and I, respectively. Paecilomyces lilacinus had the highest number of CFU (119), followed by Penicillium adametzii (106), P. fellutanum (97) and Acremonium roseolum (90). The numbers of colonies in the sub-areas IV and II differed from the sub-areas I and V, while the sub-areas III and VI did not differ of the rest of the sub-areas. There were no statistically significant differences in the total number of colonies compared between rainy and dry seasons or when the two seasons were compared within the same sub-area (Fig. 2) . The test of ScottKnot showed that Paecilomyces lilacinus, Penicillium adametzii, P. fellutanum and Acremonium roseolum were distinguished in relation to CFU.
DISCUSSION
The Caraíba Mining in northeastern Brazil is characterized by having a typical vegetation called caatinga. Caatinga consists of a dry environment with xerophitous plants. The genera isolated in the mining area are commonly present in the soil (9) . Aspergillus and Penicillium were the genera with the highest number of species, 25 and 19 species respectively and were considered by Dix and Webster (8) the genera with the best ability of surviving in dry environment.
The sub-area IV (control) should the highest number of species and CFU, 33 and 399, respectively. In contrast, the subarea I, the most affected by copper mining, had the lowest (8), who reported reduced number of viable propagules in soils with high pH. Another factor that can influence the number of colonies in soil is the plant diversity. In sub-area I (with waste product), only four species of fungi and 11 CFU were isolated during the dry season, when no plant species were found, whereas in the rainy season seven species were isolated with 101 CFU, when some pioneer plants were found. In sub-area V (the interface), which had low numbers of colonies in the dry and rainy seasons, the plants were dried and without leaves. Dix and Webster (8) Paecilomyces farinosus, presented in the Caraíba Mining with 8 CFU, was also isolated by Nordgreen et al. (17) in a brass mill where Cu and Zn were the dominant elements. The same authors observed that P. farinosus was more frequent with an increase in copper concentration. Arnebrant et al. (3) , working with copper tolerance by microfungi, tested 22 species of Hyphomycetes isolated from polluted and unpolluted forest, and observed that P. farinosus was the species most copper tolerant. The authors also observed that the majority of the species of Penicillium tested were moderately copper tolerant and this included P. montanense and P. spinulosum,which were also isolated in this research. Paecilomyces lilacinus had more CFU (119), one of which in the sub-area I and 118 in sub-area III, all during the rainy season.
The species identified (Table 2) were deposited in Culture Collection (URM) of the Department of Mycology of the "Universidade Federal de Pernambuco", and may be utilized in future researches for the recuperation of mining degraded areas and in processes of bioremediation.
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